Introduction
Electromagnetic field (EMF) is a space of mobile and electric-loaded particles affected by power and appears as a result of spinning of the electrons inside atoms around the atomic core and themselves. 1 Human body acts like an electromagnetic machine where each cell has a specific electric circuit. 2 Therefore, human being has a magnetic field. The magnetic field in the human body appears by the movements of bioelectrical loads, and the magnetic field signals of the substances creating human to intercommunicate are consistent with each other. Alongside the internal and external magnetic field existing in the nature, human beings are exposed to some magnetic fields such as cell phones, computers, electrical household appliances, and high-voltage transmission lines. The electromagnetic balance of the human body is disrupted by these magnetic fields.
submit your manuscript | www.dovepress.com Kunt et al EMFs reach into the tissues, causing cellular dysfunctions. 3 They lead to disorders such as insomnia, headache, and stress. These fields negatively affect blood biochemistry, digestive and circulatory systems, and increase the risk for cancer. [4] [5] [6] [7] [8] High-voltage transmission lines were detected as a cause for leukemia and brain cancer in children; and a close relation between childhood cancers, especially leukemia and living in close proximity to high-voltage electric transmission lines were observed. 8, 9 Studies conducted in the USA and Finland determined that Alzheimer's disease is observed four times more in men and three to four times more in women among the workers (radio operators, industrial equipment workers, data processing device mechanics, phone-line workers, those working in electric plants, and substations) who are frequently exposed to EMFs. 2 Since a magnetic field is not visible, not directly sensed, and the effects are observed cumulatively after a long period, it is not regarded enough. Although, it is still problematic whether a poor magnetic field is harmful for human health, studies carried out on animal cells revealed that poor magnetic field causes many biological effects such as changing hormone and enzyme levels, preventing motion of tissue chemicals. [10] [11] [12] [13] [14] [15] In the literature, some articles report that the incidence of numerous diseases increases among the individuals who live around high-voltage electric transmission lines (HVETL) or are exposed vocationally. [16] [17] [18] However, it was not investigated that whether HVETL affect the bone metabolism, prevalence of the thyroid nodule, and oxidative stress levels in electrical workers. Furthermore, since biological effects of EMF are observed after a long period, the electrical workers are an appropriate group to search this effect. In the present study, we examined the effects of exposure to an EMF on bone mineral density (BMD), thyroid nodule formation, serum free triiodothyronine (FT3), free thyroxine (FT4), RANK, RANKL, osteoprotegerin (OPG), alkaline phosphatase (ALP), phosphor (P) levels, total antioxidant status (TAS), total oxidant status (TOS), and oxidative stress index (OSI) of electrical workers.
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Patients and methods
The study group included 47 electrical workers employed in Electricity Generation Company (EGC) Transmission-Operation Facility 6, Kütahya and their ages varied between 29 and 52 years (mean 38.4 years). Mean working period of the study group was determined as 15.9±6.72 years. The control group was created from 47 healthy individuals with a similar socio-economical status with an age range between 28 and 52 years (mean 39.1 years) who were not exposed to ionizing and non-ionizing radiation for diagnostic and therapeutic purposes and who complied with the study group in terms of smoking and exercise habits. Consent of Clinical Researches Ethics Committee of Afyonkarahisar with a consent number of 2012/15-123 was obtained on July 6, 2012. This study was supported by Afyon Kocatepe University Scientific Research Projects Unit (Project no: 12.TIP.11).
The participants of the study were informed and their written consent was obtained. Individuals who work as electrical workers at least for 10 years were enrolled for this study. Individuals working for less than 10 years were excluded. Individuals without diseases that may affect the bone metabolism (thyroid/parathyroid disorders, kidney failure, autoimmune or tumoral diseases) and those who do not have the aforesaid conditions in their medical history were enrolled for this study. The participants were investigated for osteoporosis factors such as body mass index, smoking, alcohol use, nutritional status, familial medical history, and exercise and exposure to EMF including use of cell phones, computer, and hair dryer. The participants did not expose to any radiation such as magnetic resonance imaging (MRI) for diagnosis and treatment purposes. Furthermore, all the participants were informed about the study and told the minimal risk of radiation absorption related to the dual-energy X-ray absorptiometry (DEXA) scans and, included in the study after their consent was received. The data about the familial and personal medical history, dietary habits, exercise and physical activity status, and the conditions such as fatigue, anxiety, and headache after work were obtained through a face-to-face survey including 34 questions. Furthermore, the measurements of EMF and body temperatures of the electrical workers were performed in their units. Blood analyses, ultrasound scan (USS) of the thyroid gland, and bone DEXA scan of the participants were used as a tool for data collection.
USS of the thyroid gland
USS of the thyroid gland was performed in the control and the study group. The scan was performed with a LOGIQ 7 (General Electric Medical System, Milwaukee, WI, USA) ultrasonography device through a 7.5-10 MHz linear probe. The procedure was applied after positioning the patient's neck to extension by placing a lifter under the patient's shoulder. During the scan, images on the coronal, horizontal, and sagittal planes were obtained and thyroid gland size, homogeneity of the thyroid parenchyma echo, the presence of the nodule (present-absent), and vascularity through Doppler ultrasonography were assessed.
DEXA measurements
BMD of the lumbar area and hip of the individuals in both groups were measured by using the DEXA method (DXA.
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effects of electromagnetic radiation exposure on electrical workers Hologic QDR 4500) and the lowest t-score value was used for statistical evaluation. Baltas et al mentioned that the DEXA method was approved by WHO (World Health Organization), NOF (National Osteoporosis Foundation), and IOF (International Osteoporosis Foundation) for diagnosis and follow-up of osteoporosis, 19 and it is an essential tool to measure the BMD. The measures of the lumbar vertebra and femur are accepted as general measurement areas for the diagnosis of osteopenia and osteoporosis. It is a routine method for BMD. In the present study, the DEXA method was utilized to measure BMD and measures of the lumbar vertebrae and femur were performed.
T-score shows the difference of BMD scores between the patient and young adults who have the same sex and ethnicity with the patient. T-score values of the groups were used in the study.
(Hip) BMD measurement: While the patient was lying on supine position on the table, her/his feet were positioned on internal rotation by 25° with a 30 cm gap between the feet and fixed in a foot positioner. Hip joint, femur head, and femur neck were included into the screening.
(L1-L4) BMD measurement: The patient was positioned on supine position and full contact of the waist was provided by placing a support under the knees. Vertebrae between L1 and L4 were taken into the shot.
Biochemical analyses
analyses of bone metabolism parameters (OPg, ranK, ranKl) Blood analyses were performed by collecting venous blood samples of the patients with an empty stomach; and serum levels of three different parameters including OPG (e-Bioscience, Vienna, Austria), RANK (Cusabio, Wuhan, Hubei, People's Republic of China), and RANKL (BioVendor, Shenzhen, People's Republic of China) were analyzed by an ELISA device (Biotek ELx800) in accordance with human-specific kit protocols. During the ELISA analysis, the standards procured with the kits were thawed, then diluted. Eight standards were prepared to create the calibration curve required for calculating the concentrations in ELISA device automatically by using the absorbance of the samples. Standards and samples were analyzed twice, and the mean value of each standard and sample was used for statistical calculations.
The kits 
analysis of thyroid functions
All tests were analyzed in the same laboratory. Serum concentrations of thyroid-stimulating hormone (TSH), FT3, and FT4 were analyzed with the original kits of Abbott Architect 1600 Chemiluminescence method.
analysis of Tas and TOs
Methods such as TAS to measure the antioxidant status in a medium are generally calibrated by using a standard antioxidant solution called Trolox Equivalent which is analogous of vitamin E; the TAS levels measured were read as mmol Trolox Equiv/L. TAS measurements were performed by kinetic reading in the spectrophotometer 5 minutes after the sample and reagent were mixed. TOS measurements were done by reading at end-point 560 nm in the spectrophotometer 3-4 minutes after mixing the samples and reagents, and the results were expressed in hydrogen peroxide liter (µmol H 2 O 2 equiv/L).
calculation of Osi
After TAS and TOS measurements, the OSI levels, which allow us to make an exact comment on the oxidant and antioxidant balance, were calculated according to the following formula specified in the catalog of the kit (rel assay diagnostics).
statistical analysis
The data of the individuals who were exposed to the magnetic field and consisted of healthy individuals as the control group were analyzed by SPSS for Windows 15.0 package program of statistics. Compliance of the data to normal distribution was investigated by the Kolmogorov-Smirnov test. The analysis of the data compliant to the normal distribution was performed by independent sample t-test and one-way analysis of variance (ANOVA) for comparisons between the groups. The Least Significant Difference (LSD) test was used to determine the source of the statistically significant difference as a result of ANOVA test. Paired comparisons between the groups for the data that are not compliant with normal distribution were performed through Mann-Whitney U-test. The chi-square test was used for the comparison of the qualitative data. As a result of the analysis, P-values smaller than 0.05 were accepted as statistically significant.
Results
Age average and mean working period of the electrical workers were determined as 38.4 years and 15.9 years, respectively; age average and mean working period of the control group were 39.1 years and 17.2 years, respectively.
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Age average and mean working period of the study and control group were consistent with each other. Smoking, exhaustion, anxiety, and headache were found lower, whereas the use of cell phone, computer, and hair dryer was found higher in the control group. Body mass indexes were comparable between both groups (Table 1) .
No significant difference was observed between the groups in terms of the dietary habits and physical activity (P.0.05). In the evaluation of the nutritional habits in the participants, weekly consumption of protein, milk, yogurt, and vegetables were found to be similar. In addition, alcohol addiction, salt habits, and activity levels were found to be quite low, moderate, and low, respectively (Table 2 ).
In bone DEXA scans, mean BMD of L1-L4 was found -1.13 g/cm 2 in the study group and -0.16 g/cm 2 in the control group. Similarly, BMD of femur was found -63 g/cm 2 and 0.31 g/cm 2 in the study and control group, respectively. A significant difference was observed between BMD measurements of lumbar vertebrae L1-L4 and femur (P,0.05). Additionally, a significant difference was found between ALP and P levels (P,0.05). Mean ALP values in the control group and the study group were found as 76.00 versus 88.04 U/L, respectively. Blood phosphorus levels were in the control group, and the study group detected as 2.80 versus 3.43 mg/dL, respectively. RANK, RANKL, and OPG levels seem to support a possible increase for tendency to a severe osteoporosis in the individuals working around HVETL (P,0.001, P,0.001, and P=0.004, respectively) ( Table 3, Figures 1-3) .
Although thyroid function tests (FT3 and TSH) were lower in the study group, they were not statistically significant. The FT4 level was detected significantly lower in the study group than the control group. Furthermore, anteroposterior diameter measures of the thyroid gland of the study group increased when compared with the control group according to the morphometric measurement by USS; however, the result was not statistically significant. Left anteroposterior diameter measure of the thyroid gland was found significantly higher in the study group (P,0.05). There was not any significant difference between the groups in terms of nodule and parenchyma (Table 4) .
Mean BMD values of L1-L4 and femur according to the age were detected lowest in 20-29 years of age and highest in 30-39 years of age in bone DEXA measurements. No significant difference was observed between BMD measurements of L1-L4 of the lumbar vertebrae and femur (Table 5) . Depending on the work experience, BMD values of L1-L4 and femur of the electrical workers with work experience of 20 years and over were found higher than those working for 10-19 years in both measurements. There was not any significant difference observed between BMD measurement levels of L1-L4 lumbar vertebrae, whereas a significant difference was observed between BMD levels of femur (P,0.05; Table 6 ).
Due to the work experience, Ca, ALP, RANK, and RANKL values of L1-L4 and femur of the electrical workers with work experience of 20 years and over were found higher than those working for 10-19 years. No significant difference was observed between values of Ca, RANK, and RANKL and a significant difference was detected between serum ALP values (P,0.05) ( Table 7) .
A significant elevation in the OSI and a significant reduction of total oxidative stress were found in the study group. These findings suggest that EMF increases the TOS, decreases the antioxidant status, and causes oxidative stress damage in the electrical workers (P,0.05) ( Table 8) .
Discussion
Electromagnetic waves (EMWs) damage tissues of the body through heating and changing chemical reactions. 20 High
EMWs cause damage by heat; hazardous effects appear on the tissues by long-term exposure to low EMWs because of chemical changes. Some energy spreaded by EMW due to the heat effect is absorbed by the human body, and heat accumulation occurs inside the body. Such heat may cause undesired outcomes. The second effect is disruption of the molecules and atoms which are bonded to each other in a living organism. 20 The limit of professional exposure is 500 µT for a magnetic field. 21 The highest exposure was found on electrical workers by a mean value of 0.161 µT in the studies conducted on different occupational groups. 22 Despite the fact that no measurements could be performed in the substation areas because of security measures and risk of accident, mean daily exposure was found 0.53 µT in the EMF measurements carried out on the workplaces and walking areas. Exposure to an EMF increases sodium, calcium, and magnesium levels in the plasma 23 and the oxidative stress. 15 Studies carried out with a Guinea pig showed that exposure to an EMF causes a significant increase in oxidant products and a decrease in antioxidant enzyme activity. 13 The studies assessing the exposure level generally detected that the exposure at 0.4 µT and above increases the risk of leukemia during childhood. 24, 25 Similar studies revealed a relationship between electrical workers exposed to EMF and increased risk for leukemia. 26 In the blood analyses of the electrical workers Notes: *Mann-Whitney U-test was used for binary comparisons between groups in these data, and the values were given as median (minimum-maximum). t-test (independent samples t-test) for independent samples was applied in other data and values were given as mean ± standard deviation. Abbreviations: OPg, osteoprotegerin; BMD, bone mineral density; alP, alkaline phosphatase; P, phosphor.
Figure 1
Distribution of ranK values in the study and control groups. 
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Kunt et al in the present study, an increase in Ca, P, and oxidative stress levels and a decrease in antioxidant enzyme activities were detected. We believe that such effects which were observed on electrical workers who are exposed to high EMF even in breaks might have been caused by spending a significant part of their shift in substations and high-voltage transmission lines. Important health problems of the present day include osteoporosis, fractures, and stress fractures. In bone DEXA scans, mean BMD measures of L1-L4 lumbar vertebrae and femur as well as ALP and P levels were observed significantly higher in the study group than the control group. Moreover, levels of RANK, RANKL, and OPG support the idea that a strong predisposition for osteoporosis may increase for those working around HVETL. In comparison between the experimental and control groups, bone loss was found to be resulted from the EMF exposure and not from age. These results indicate that bone damage may increase due to the EMF exposure.
Experiments on mice indicated that bone density and volume decrease, osteoporosis progressing with fractures and deformities appear in the absence of OPG, 27, 28 and osteoporosis is reversed by intravenous OPG injection. 29 Osteopetrosis characterized with osteoclastogenesis was observed on the mice of which genetic structure of OPG was modified. 30 These data show that OPG is necessary to preserve the bone mass physiologically. RANKL, which is an agent stimulating the dendritic cells, acts as a life factor for mature T cells and regulates proliferations. 31, 32 Such activities were observed to be dependent to the activation of RANKL by binding to membrane receptor RANK. 33 Similar approaches with OPG were tried to understand the role of RANKL in the bone metabolism. Despite OPG, severe osteoporosis was observed on the mice with genetically modified RANKL; 8 complete disappearance of osteoclasts and development of osteoporosis were observed in the mice without RANKL. 34, 35 According to these data, OPG is a strong bone protective agent, whereas RANKL is a preresorptive factor. In vitro trials also seem to support the in vivo data. [34] [35] [36] [37] Although there are studies indicating that lowfrequency EMF provides an increase on recovery of bone fractures and BMD in the literature, [38] [39] [40] [41] therapeutic doses of EMWs for osteoporosis were only observed when they were applied in pulses with low doses of 15-72 Hz. 42 Longterm occupational exposure to EMWs in higher doses has Notes: *independent t-test was applied. Bold P-value defines the significant difference (P,0.05). The data were given as mean ± standard deviation. Abbreviations: BMD, bone mineral density; DEXA, dual-energy X-ray absorptiometry.
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effects of electromagnetic radiation exposure on electrical workers a reverse effect. Atay et al 42 detected a significant decrease in BMD levels in the iliac wing area where mobile phones with 900-1,800 MHz are carried when compared with the other side in their study. Similarly, Cidem et al reported a decrease in bone density of the forearm which are used by the mobile phone owners while holding the phone. 43 Kunt and Dayıoğlu and Kunt et al found in their study conducted on the radiology employee that the lowest densitometry level was in MRI employee. 44, 45 In the clinical trials reporting the preventive effect for osteoporosis and increase of BMD, treatment protocols applied to the study groups are dependent on the principle of application of a certain EMW dose for a certain period. In other words, a doze of exposure is certain and may be limited. However, a decrease in femoral and lumbar BMD levels of the electrical workers was met. This is contrary to the protective effect of low-frequency EMWs on bone metabolism. Possible factors include dose of the magnetic field exposed and duration of exposure. Although the effect of low-frequency EMWs to prevent osteoporosis was brought into the forefront in the literature, long-term exposure to the magnetic field around HVETL may cause a hazardous effect in the bone metabolism rather than a protective effect and creates an effect which is similar to those by devices creating high-frequency EMF such as cell phones. From this point of view, we believe that low-dose EMFs may have a therapeutic effect, whereas long-term and high-dose EMWs have a destructive effect on the BMD.
Effects of low-frequency EMWs of which electrical workers who are exposed to electromagnetic radiation most is not like the effects of a high-frequency EMWs. No temperature increase was detected in the temperature measurements performed on the electrical workers. Therefore, heat-dependent effects such as MRI devices creating highEMWs are not observed in electrical workers. However, the exposure of these individuals to low-frequency EMWs intermittently for a long period, in other words, the effects of chronic exposure may appear after years. The reason for that is the inability of the organism to repair the damage until next exposure and accumulation of the damages for exposures to repetitive EM radiation, even in low frequencies.
Besides studies reporting that EMF activates the formation and growth of the bones, inhibits osteoblastic activity, provides contribution to the healing of the bone fractures, and affects the granulation of formation of fibrous tissues in the wound healing; 46, 47 some studies demonstrated that biological effects of the low-frequency at the cellular level include creating change at the levels of proliferation and differentiation, 48, 49 changes at the levels of messenger ions such as Ca 2+ , 50, 51 and creating changes in the shape and format of the cells. 52, 53 Studies conducted about the effects of EMFs on the bone formation and fracture healing report different mechanism of action. In these studies, the mechanisms of action have been explained as the osteogenesis-stimulating mechanism, [54] [55] [56] [57] [58] and physiological and physical effects on the bone metabolism and cellular processes. Furthermore, it has been reported that EMF has effects on the calcium channels, intracellular ionized calcium changes, receptor behavior and genes, and that EMF increases the synthesis and transcription of deoxyribonucleic acid (DNA), intercellular calcium and the synthesis of messenger ribonucleic acid of type-I collagen, stimulating the production of extracellular Notes: *independent t-test was applied. Bold P-value defines the significant difference (P,0.05). The data were given as mean ± standard deviation. Abbreviations: alP, alkaline phosphatase; P, phosphor.
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Kunt et al matrix. 56, 58 According to all of these results, further radiologic, biochemical, and histopathologic studies are needed to demonstrate the effects of the low-and high-frequency EMFs on the bone tissues and fracture healing as well as to clarify EMFs' mechanisms of action.
Many studies were carried out for the effect of EMF to thyroid hormone synthesis and different results were reported. In a large-scale study, Bergamaschi et al detected no significant difference on the workers exposed to EMF because of cell phone use in terms of the TSH level; 59 Selmaoui et al found that low-dose EMF exposure for every other night or continuously did not affect serum total-free thyroxin (T4) and triiodothyronine (T3) as well as TSH levels. 60 No significant effect of low-dose EMF exposure for a long period was found on TSH in human studies carried out in a similar manner with less participation, 61, 62 whereas no difference was detected on individuals exposed to low-density EMF for a long period in terms of the frequency of thyroid cancer. 63 Koyu et al found a significant decrease in T3, T4, and TSH levels in the rats who were exposed to a low-dose EMF for 4 weeks when compared with the control group. 64 Another study carried out with rats detected a significant decrease in serum thyroid hormone levels as a result of low-dose EMF exposure for a long period in comparison with the control group. 65, 66 De seze et al detected on volunteer males that cell phone use for 2 hours a day for one month reduced TSH levels by 21%. 67 A positive correlation was shown between the effect of radiation on different endocrine organs and radiation dose and exposure duration. 68 Low TSH levels were shown more frequent in those with longer duration of exposure to EMF and duration of talking with cell phone, 46 whereas some studies showed an increase in thyroid hormone and TSH levels as a result of long-term exposure to EMF of rats. 69, 70 In the present study, we found FT4 levels significantly lower in the workers who are exposed to EMF for a long period, and no significant difference in FT3 and TSH levels were detected. Although a low dose causes a decrease in T4, it may depend on long-term exposure to EMF. Moreover, more nodules were observed in the study group in percentage when compared to the normal population, but no statistically significant difference was detected. In the comparison for gland sizes, a significant increase was detected in the dimensions of the left lobe particularly in the study group than the control group. Rajkovic et al detected an increase in the volume density of thyroid follicles histologically on the rats exposed to a low-dose EMF for 3 months. 65 Exposure to ionizing radiation increases the risk of benign or malign nodule. Palpable thyroid nodules are detected in 20%-30% of the population affected by radiation. 71 However, there is not any study which investigates the effect of electromagnetic radiation on the thyroid gland in the literature. In the present study, occupational higher electromagnetic radiation is not confronted as a significant risk factor statistically in terms of thyroid nodule frequency and parenchyma echogenicity. Nevertheless, the increase in the gland sizes is statistically significant.
Conclusion
One of the occupational groups who are exposed to electromagnetic radiation most is electrical workers. The electrical workers who are exposed to EMF radiation caused by high-voltage transmission lines and transformers for a long period were observed to complain about general indisposition, exhaustion, apathy, anxiety, and headache. Furthermore, a decrease in BMD, serum ALP, Ca, P, RANK, RANKL, and antioxidant enzyme levels as well as an increase in oxidative stresses and OPGs were observed. Consequently, it was observed that the balance between construction and destruction in the bone metabolism of the electrical workers who are employed in HVETL replaced toward destruction and led to a decrease in OPG levels and an increase in RANK and RANKL levels. In line with the previous studies reporting that long-term exposure to an EMF causes disorders in many organs and systems, it is considered that long-term exposure to an EMF affects bone and thyroid metabolism and also increases OSI by increasing the TOS and decreasing the antioxidant status.
Periodical investigations, EMF measurements around the workplaces, and raising awareness of the electrical workers about these exposures should be done to detect possible negative impacts on the electrical workers who are exposed to electromagnetic radiation.
The present study has some limitations. The first limitation is that the majority of the employees had not any thyroid USS before and were not aware of the nodule during the study. The second limitation is the requirement of new studies including more electrical workers to obtain more reliable data.
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